Using unpublished data from five completed prevalence surveys of Parkinson's disease (PD), we investigated case ascertainment uncertainties that potentially have a direct effect on prevalence. These uncertainties arise from the choice of diagnostic criteria, the choice of screening method, and the amount of information lost because of nonresponse. The surveys were conducted in Argentina, India, China, Italy, and the Netherlands. Our analyses consisted of simple comparisons of prevalence results, positive predictive values (a screening measure), and nonresponse percentages. We found Prevalence surveys of Parkinson's disease (PD) continue to be of interest because of a possible environmental role in the etiology of this condition.' Although case ascertainment is central to these surveys, there may be uncertainties about it that remain mostly hidden. Consequently, in published reports, prevalence results are compared and conclusions drawn without always being warranted.
that (a) prevalence cornparisom between surveys have diminished value if the surveys used different diagnostic criteria for PD; (b) screening performance may be affected adversely if symptom questions are answered by one family member for the entire family living together rather than by each family member individually; and (c) nonresponse from refusal or unavailability does not necessarily lead to bias, but special caution may be appropriate with prevalence results pertaining to elderly women. Key Words: Bias-Epidemiology-ParkinsonismParkinson's disease-Prevalence.
entire family living together rather than by each family member individually? Does nonresponse from refusal or unavailability lead to a bias in prevalence results? For our analyses, we used unpublished data from five completed prevalence surveys of PD conducted in the 1980s or 1990s in Argentina,2s3 India: China,' Italy,&' and the Netherlands. lo
METHODS
The major features of the five surveys are summarized in Table 1 . Because of data limitations, it was impossible to use all the surveys jointly to address specific topics.
The Argentina survey,233 the India survey,4 and the China survey5 were used to consider diagnostic criteria. Age-specific prevalence comparisons, original and revised, were made for the Argentina survey versus the India survey. They were also made for the Argentina survey versus the China survey. In the original comparisons, the diagnostic criteria given in Table 1 were used. In the revised comparisons, the cases of the Argentina survey were reclassified according to the more restrictive diagnostic criteria of the India survey, and also according to the more restrictive diagnostic criteria of the China survey. Data were unavailable to make a three-way prevalence comparison with each survey using the same set of diagnostic criteria. The Argentina survey2x3 and the Italy ~u r v e y~-~ were used to consider screening methods. In the Argentina survey, screening was based exclusively on interviews. One family member in a household would respond about all the family members living together in that household. By contrast, in the Italy survey, screening was based on direct interviews and performance of simple physical tasks. Individuals responded for themselves. Details of the two screening methods have been published elsewhere.23h The positive predictive values (PPVs) for individual screening items were compared within and be- The Italy surveyc9 and the Netherlands survey" were used to consider nonresponse. Nonresponse pertains to persons selected for inclusion but who do not participate. In the Italy survey, screening for PD consisted of both an interview and two simple physical tasks: the subject had to walk heel-to-toe and to allow elbow manipulation (to assess muscle tone). However, only the interview was necessary to satisfy the response requirement. The interview could be completed by the subject or by a relative (that is, a proxy respondent) who answered in regard to the subject. In the Netherlands survey, the screening for In the "onginal" comparisons, the diagnostic criteria were those given in Table 1 .
In the "revised" comparisons, the Argentine cases were reclassified to follow the diagnostic criteria of the India survey and then those of the China survey.
PD was based on a brief neurologic examination that addressed the presence or absence of bradykinesia, resting tremor, rigidity, and impaired postural reflexes. This examination was conducted at a central research facility and was necessary to satisfy the response requirement. Subjects were also interviewed directly about the possible presence of PD, but this alone was insufficient for them to be included as responders. In addition to the actual response requirements of the two surveys, we considered alternative response requirements. For the Italy survey, the alternative requirement was that the subject personally complete both the interview and the physical tasks (no proxy respondents allowed). This requirement was more stringent than the one actually used. For the Netherlands survey, the alternative requirement was that the subject personally complete the interview but not necessarily the examination. This requirement was less stringent than the one actually used.
In both the Italy survey and the Netherlands survey, population registers provided the age and sex of each person who was a nonresponder. Separately for the actual and the alternative response requirements, we defined age-sex classes and computed for each class the percentage of nonresponders among all persons selected for inclusion. We then compared age-and sex-specific patterns of prevalence and nonresponse within each survey.
RESULTS

Diagnostic Criteria
The age-specific prevalence patterns of PD for the Argentina survey233 and the India survey4 diverged with advancing age (Fig. 1, upper left) . The two surveys, however, used different diagnostic criteria (Table l) . With the same diagnostic criteria (those of the India survey), the difference in patterns largely disappeared (Fig. 1,  upper right) . Specifically, for persons aged 70-79 years, the Argentine prevalence changed from 1.7% to 1.4%, becoming identical to the Indian prevalence of 1.4%. For persons 80 years of age or older, the Argentine prevalence changed from 3.4% to 2.3%, approaching the Indian prevalence of 2.0%.
For the Argentina survey233 and the China ~u r v e y ,~ disparate prevalence patterns persisted when both surveys used the same diagnostic criteria (those of the China survey; Fig. 1 , bottom half).
Symptom Screening
In both the Argentina and the Italy survey,"' participants were asked not only about symptoms of PD but also whether they had PD. Reporting of the presence of PD gave the highest positive predictive values (PPVs) within each survey: Argentina, 88%; Italy, 80%.
There were 10 symptom questions in the Argentina survey and two symptom questions in the Italy survey. The PPVs for the symptom questions of the Argentina survey ranged from 35-82% (Table 2 ). The question with the highest PPV (82%) addressed permanent muscular rigidity in the arms and legs. By contrast, the PPVs for the symptom questions of the Italy survey were 18% and 33% (Table 2 ). The question with the highest PPV (33%) addressed tremor of the head, arms, and legs. Of the 12 symptom questions taken together, 11 showed the PPV for men exceeding or equaling the PPV for women ( Table 2 ). The exception, from the Argentina survey, was a question about speaking in a low and muffled voice. In addition to two symptom questions, the Italy survey had two screening items related to simple physical tasks. The PPVs for the tasks, 14% and 31%, were approximately the same as the PPVs for the symptom questions, 18% and 33% (Table 2) . i The positive predictive values are best used for screening item comparisons within surveys. Comparisons between the surveys are generally difficult to interpret because of inherent differences in the screening methods.
Nonresponse
In the Italy ~u r v e y ,~-~ there were 7493 eligible persons who were 50 years of age or older. Of these, 6782 satisfied the actual response requirement (that is, they completed the screening interview with or without the aid of a proxy respondent). There were 63 prevalent cases of PD, and the nonresponse percentage was 9%. By contrast, 6384 persons satisfied the alternative response requirement (that is, they personally completed the screening interview and two physical tasks). Under this more stringent requirement, there were 61 prevalent cases of PD, and the nonresponse percentage was 15%.
In the Netherlands survey," there were 10,275 eligible persons who were 55 years of age or older. Of these, 6969 satisfied the actual response requirement (that is, they completed the neurologic screening examination at a central research facility). There were 97 prevalent cases of PD, and the nonresponse percentage was 32%. By contrast, 7753 persons satisfied the alternative response requirement (that is, they personally completed the screening interview but not necessarily the neurologic screening examination). Under this less stringent requirement, the nonresponse percentage was 25%.
For both the Italy survey and the Netherlands survey, the nonresponse percentages were higher for older persons than for younger persons regardless of the response requirements (Figs. 2 and 3) . The more stringent response requirements led to the following: (a) consistently higher nonresponse percentages across all ages than those obtained with the less stringent response requirements (Figs. 2 and 3) ; (b) generally higher nonresponse percentages for older women than for older men, especially in the Netherlands survey (Figs. 2 and 3) ; and (c) nonresponse percentages exceeding 60% for the oldest women (Figs. 2 and 3) .
In terms of prevalence, both surveys showed similar increases with age ( Figs. 2 and 3) . The highest prevalence occurred in older persons as did the largest nonresponse. For the Italy survey, two prevalence patterns are presented: the actual prevalence (based on a less stringent response requirement) and the alternative prevalence (based on a more stringent response requirement; Fig. 2 ). There is little difference in the patterns except for older women. For the Netherlands survey, only the actual prevalence pattern is presented (based on a more stringent response requirement; Fig. 3 ). The alternative prevalence (based on a less stringent response requirement) could not be computed because diagnostic data were lacking for persons who completed only the screening interview.
DISCUSSION
Diagnostic Criteria
In searching for etiologic clues about PD, it may be useful to make prevalence comparisons between surveys. Such comparisons have scientific value if high prevalence indicates high risk and low prevalence indicates low risk. However, differences in prevalence between
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hospitalized cases only), the estimates tend to indicate a better performance of the screening method than would happen in the actual survey.
The symptom screening methods of the Argentina surveyZJ and the Italy s~r v e y~-~ were, in fact, deemed valid on the basis of pilot investigation^.^^^ In both surveys, the overall sensitivity estimate for parkinsonism was 100% (Argentina, 24 of 24; Italy, 21 of 21). Sensitivity estimates for individual screening items are unavailable for the Argentina survey but have been published for the Italy survey.' The highest sensitivity estimate, exceeding 90%, was for rigidity or slowness of movement.
The PPVs (see Methods) give another perspective on screening performance, and they are obtained from the actual surveys. When a PPV is computed for a particular symptom, it indicates the probability that a person has parkinsonism, given that he or she has that symptom. The symptom PPVs were strikingly higher in the Argentina survey than in the Italy survey (Table 2 ). This pattern, however, is somewhat misleading because only one symptom question, about trembling or tremor, was di- The actual prevalence and the actual nonresponse were based on the response requirement used in the survey: to be a responder, the subject (or a proxy respondent) must have completed the screening interview but not necessarily the two physical tasks. The alternative prevalence and the alternative nonresponse were based on a more stringent response requirement (not used in the survey): to be a responder, the subject must have personally completed the screening interview and the two physical tasks (no proxy respondent allowed).
0 0 4 ll surveys may be more related to artifacts than to risk. Our comparison between the Argentina s u r~e y~*~ and the India survey4 (Fig. 1) showed that, at least in some instances, differences in prevalence between surveys may be largely explained by differences in diagnostic criteria. On the other hand, the comparison between the Argentina survey233 and the China survey5 (Fig. 1) is a reminder that substantial differences in prevalence between surveys may be the result of reasons unrelated to diagnostic criteria.
Symptom Screening
In many surveys of PD, the credibility of prevalence results depends greatly on the validity of the screening method used. Sensitivity and specificity are measures of that validity. Sensitivity refers to the probability of correctly identifying any case, whereas specificity refers to the probability of correctly identifying any non-case. Estimates of sensitivity and specificity are usually derived from pilot investigations and they may be problematic. Because of unrealistic testing (for example, with The actual prevalence and the actual nonresponse were based on the response requirement used in the survey: to be a responder, the subject must have completed the neurologic screening examination at a central research facility. The alternative nonresponse was based on a less stringent response requirement (not used in the survey): to be a responder, the subject must have personally completed the screening interview but not necessarily the screening examination. The alternative prevalence was not computed because diagnostic data were lacking for those subjects who completed only the screening interview.
rectly comparable between the two surveys. For that question, the PPVs were similar: 35% and 45% for Argentina; and 33% for Italy ( Table 2 ). In the Argentina survey, the symptom question with the highest PPV addressed permanent muscular rigidity in the limbs ( Table  2) . This question had a built-in exclusion of persons whose muscular rigidity was reported to be from swelling, arthritis, or rheumatism. Because of this exclusion, the PPV was higher than it would have been otherwise. The comparatively high PPVs in the Argentina survey may have a general explanation. In that survey, the symptoms in one family member were usually identified by another family member. This approach, compared with self-reporting, would imply a reporting of fewer minor symptoms, which, in turn, would imply higher PPVs. For symptom questions, the higher PPVs in men ( Table 2 ) may be related to a gender difference in disclosing health problems. Evidence from other studies suggests that men are less likely than women to report minor ai1ments.l2-l4
Nonresponse
Survey nonresponse may cause a selection bias in prevalence results.
Typically, the nonresponse percentage is used to indicate potential bias: the greater the nonresponse percentage, the greater the likelihood of serious bias. The Italy surveyc9 and the Netherlands survey" offer an unusual opportunity to consider the nonresponse problem because the age and sex of each nonresponder were known from up-to-date population registers.
In the Italy survey, the nonresponse would have been 15% with the full screening (interview and physical tasks), but was instead 9% because an abbreviated screening (interview only, proxy respondent permitted) was also accepted. This flexibility made possible the inclusion of deceased persons, mentally and physically challenged persons, and others who declined the full screening or were unavailable for it. However, by broadening the participation, the investigators increased the likelihood of misclassifying cases.
In the Netherlands survey, research objectives dictated a different approach to nonresponse. The survey served as the baseline investigation for a longitudinal study that involved extensive and costly medical evaluation of the participants." It was necessary to keep false negatives and false positives to a minimum; thus, a neurologic examination performed at a central research facility was chosen as the screening method. Persons unwilling or unavailable to undergo the examination were excluded from the survey. By strictly adhering to this screening method, the investigators decreased the likelihood of misclassifying cases but had to accept an increased nonresponse.
Finally, we make several observations about nonresponse. First, in comparing nonresponse in various surveys, it is meaningless to consider percentages without knowing exactly what they refer to (for example, whether proxy respondents are permitted). Second, to summarize nonresponse with a single percentage may be an oversimplification. In both the Italy survey and the Netherlands survey, there was a much higher nonresponse in older persons than in younger persons (Figs. 2 and 3) . Third, more stringent response requirements increase respondent burden and lead to higher nonresponse (Figs. 2  and 3 ). Fourth, nonresponse does not necessarily lead to selection bias. For men in the Italy survey, the prevalence pattern was virtually the same regardless of whether the more stringent or the less stringent response requirement was used (Fig. 2) . Fifth, elderly women are a problematic group in terms of nonresponse and selection bias. In both the Italy survey and the Netherlands survey, these women had high levels of nonresponse when the more stringent response requirements were applied (Figs.  2 and 3 ). This nonresponse may be related to health status. For example, in the Italy survey, the prevalence results suggest that elderly women in poor health were more likely to respond than elderly women in good health.
CONCLUSIONS
Comparison of prevalence results for PD from different populations can potentially yield important etiologic clues, provided this can be done validly. The optimal methods for diagnosis and screening in epidemiologic surveys of PD depend on the setting and the scientific goals of the research. Moreover, nonresponse occurs to a greater or lesser extent in virtually every survey. Because of these considerations, investigators have a special responsibility to prepare their reports in sufficient detail so an informed reader can understand the essentials of the design and implementation of the research. Do prevalence comparisons between surveys have diminished value i f the surveys used different diagnostic criteria for P D ? Yes. To interpret prevalence comparisons in terms of disease risk becomes more difficult. We recommend applying several sets of diagnostic criteria in the same survey. The primary set would generate the major prevalence results, whereas the other sets may be used for prevalence comparisons with other surveys (for example, see reference 2).
Is screening performance affected adversely i f syniptom questions are answered by one family member for the entire jiimily living together rather than by each fam-ily member individually? Perhaps. The likelihood that symptoms of PD are mentioned, especially minor ones, may be lower if one family member responds for the entire family living together. More research is needed on this. In addition, more research is needed to confirm that women are more likely than men to mention symptoms. Does nonresponse from refusal or unavailability lead ro a bias in prevalence results? Not always. However, if a graph of age-and sex-specific prevalence rates of PD shows a steep rise or precipitous decline for elderly women, then the reader should first consider bias as an explanation.
